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Abstract
Coexistence between livestock grazing and carnivores in rangelands is a major challenge in terms of sustainable agricul-
ture, animal welfare, species conservation and ecosystem function. Many effective non-lethal tools exist to protect livestock 
from predation, yet their adoption remains limited. Using a social-ecological transformations framework, we present two 
qualitative models that depict transformative change in rangelands grazing. Developed through participatory processes with 
stakeholders from South Africa and the United States of America, the models articulate drivers of change and the essential 
pathways to transition from routine lethal management of carnivores towards mutually beneficial coexistence. The pathways 
define broad actions that incorporate multiple values in grazing systems including changes to livestock management prac-
tices, financial support, industry capacity building, research, improved governance and marketing initiatives. A key finding 
is the new concept of ‘Predator Smart Farming’, a holistic and conscientious approach to agriculture, which increases the 
resilience of landscapes, animals (domesticated and wild) and rural livelihoods. Implementation of these multiple pathways 
would lead to a future system that ensures thriving agricultural communities, secure livelihoods, reduced violence toward 
animals, and landscapes that are productive and support species conservation and coexistence.
Keywords Sustainable agriculture · Animal welfare · Human-wildlife coexistence · Extensive grazing · Social-Ecological 
Systems
Introduction
Human intolerance and persecution of large carnivores in 
production landscapes has deep historical and cultural roots 
(Woodroffe and Ginsberg 1998; Graham et al. 2005). Carni-
vore persecution not only presents a threat to lives of sentient 
beings, it also has been identified as a major constraint to 
conservation (Treves and Bruskotter 2014), to multi-spe-
cies justice (Santiago-Ávila and Lynn 2020) and ecosystem 
health and function (Ripple et al. 2014). Carnivores are rou-
tinely killed to reduce predation on commercialised domes-
tic animals in production systems such as sheep and cattle 
(hence ‘livestock’) (Ogada et al. 2003). However, evidence 
shows that killing carnivores often exacerbates livestock pre-
dation risk (see Berger 2006; McManus et al. 2015; Treves 
et al. 2016; Stone et al. 2017; Wallach et al. 2017; van Eeden 
et al. 2018a, b). Carnivore persecution is a key conserva-
tion concern as 77% of the world’s largest carnivores are 
declining and 61% are threatened (Ripple et al. 2014). It has 
caused a contraction in large carnivore populations across 
their historical ranges (Ogada et al. 2003; Bergstrom 2017; 
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Stone et al. 2017), and subsequent loss of predation as an 
ecosystem service (Beschta and Ripple 2009). Carnivore 
persecution may also disrupt other ecosystem services that 
underpin agricultural production, such as primary productiv-
ity, nutrient cycling, soil richness, and pollination (Fischer 
et al. 2006; Naidoo et al. 2008; Beschta and Ripple 2009; 
Estes et al. 2011; Cardinale et al. 2012). Indeed, advances 
in conservation have demonstrated the importance of large 
carnivores in the maintenance of ecosystem health and func-
tion (Ripple et al. 2014).
Given the threats presented by persecution, there are 
increasing calls for acceptance and tolerance of carnivores 
in production landscapes (Manfredo et al. 2009; Treves and 
Bruskotter 2014; Johnson and Wallach 2016; Stone et al. 
2017). These recommendations are part of wider calls for 
adopting models of sustainability across all human activi-
ties (Gunderson and Holling 2002; Folke et al. 2005; Abson 
et al. 2017; Sellberg et al. 2017). Wildlife friendly farm-
ing has been advocated as a model of sustainable farming 
that better balances agricultural and conservation interests 
(Green et al. 2005; Fischer et al. 2008; White 2012; Johnson 
and Wallach 2016). It values the use of preventive non-lethal 
innovations, which include various proactive and preventive 
practices and tools that aim to reduce the vulnerability of 
livestock to predation by minimizing encounters between 
livestock and carnivores (Stone et al. 2017; Boronyak et al. 
2020). Wildlife friendly farming is a global farming move-
ment in which wildlife are tolerated and protected in produc-
tion landscapes (Johnson and Wallach 2016). Tolerance of 
wildlife involves an acceptance of the real and perceived 
costs and benefits of living alongside them (Bruskotter and 
Fulton 2012; Kansky et al. 2016).
Coexistence with carnivores requires fundamental sys-
tem transformation because the current system prioritizes 
agricultural-financial interests over biodiversity conserva-
tion and is entrenched in lethal methods that significantly 
impact the persistence and welfare of carnivores (Bergstrom 
et al. 2014). Transformation represents fundamental changes 
across multiple systems: socio-cultural, political, economic 
and technological, resulting in the creation of a ‘new sys-
tem’ (Van Den Bergh et al. 2011; Rickards and Howden 
2012; Patterson et al. 2015). Transformations towards sus-
tainability entail planned transitions and have been consid-
ered across a diverse range of issues including energy (van 
Vuuren et al. 2012), water (Pahl-Wostl 2002), agriculture 
(Rickards and Howden 2012; Gosnell et al. 2019) and cross 
cutting issues such as climate change (Abson et al. 2017; 
O’Brien 2018).
To explore pathways toward transformation in range-
land grazing systems we draw on Sellberg et al.’s (2017) 
integrative framework. This framework enhances a place-
based understanding of ecological resilience and complex 
systems while also articulating various pathways that foster 
transformations towards global sustainability (Sellberg et al. 
2017). Sellberg’s framework integrates concepts of social-
ecological resilience (maintenance of critical ecosystem ser-
vices and avoidance of ecosystem degradation or collapse) 
(The Resilience Alliance 2010) with socio-technical transi-
tion theory that describes niche innovations and their inter-
actions with existing social-technical regimes (Geels and 
Schot 2007). A social-ecological systems (SES) approach 
is useful in understanding the interplay of social, environ-
mental and economic factors that drive human-wildlife 
conflict (Waudby et al. 2020). This approach also identifies 
interventions to move beyond maintaining business-as-usual 
practices towards the local–regional scale transformations, 
which this paper focuses on as human-carnivore coexistence. 
Coexistence has an explicit spatial–temporal–ecological 
dimension that implies species living together in the same 
landscape at the same time (Marchini et al. 2019). Yet it also 
has a relational dimension as it encompasses how people 
relate to and live alongside wildlife in ways that are peaceful 
and mutually beneficial (Marchini et al. 2019).
We present the results from a series of participatory 
engagement processes with key stakeholders to develop 
models of transformative change for rangeland grazing in 
South Africa and the United States (USA). We focused on 
commercial livestock production in South Africa and the 
USA to provide related but distinct case studies on the 
challenge of coexistence between humans and large carni-
vores in social-ecological systems, such as rangelands. We 
chose these countries because they encompass large areas 
broadly defined as rangelands (United States: 31% of 11 
states land areas; South Africa: 91% of the land area) that 
are used extensively for livestock grazing (Havstad et al. 
2007; Goldblatt 2011; Palmer and Bennett 2013); and are 
inhabited by diverse array of large carnivores (Carnivora 
species with body mass > 10 kg; hence carnivores); and have 
a long history of carnivore persecution livestock producers 
(hence producers). Large carnivores such as leopard (Pan-
thera pardus) are still prevalent in South Africa’s rangelands 
(Swanepoel et al. 2013). In the USA, coyotes are common 
rangeland predators, and increasingly wolf (C. lupus), bear 
(Ursus spp.), and cougar (Puma concolor) as populations are 
recovering in rangelands (Schwartz et al. 2001; Kendall et al. 
2009; Maletzke et al. 2016; Gigliotti et al. 2019).
The models developed in this study describe four key 
components (Jacobs et al. 2017): (1) the current dominant 
functioning of the system (business-as-usual); (2) the driv-
ers of change that exert pressure on business-as-usual and 
determine the extent and direction of change within the sys-
tem; (3) the vision and characteristics of a ‘desired’ future 
(the ‘transformed system’) that incorporates multiple values, 
and (4) transition pathways as a continuous processes of 
change along a range of possible development paths that 
emerge from individual and collective actions, and which 
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deviate from what is considered the norm. These multiple 
pathways provide a bridge to the transformed system and 
act to reinforce each other to create transformative change. 
Pathways approaches call for adaptive, context-specific 
actions to address sustainability challenges and also recog-
nise that there are multiple alternatives or pathways towards 
socio-ecological sustainability (Cockburn et al. 2018) and 
therefore provide a solid frame to explore human-carnivore 
coexistence.
Methods
Norström et al. (2020) defined four principles for knowledge 
co-production within the field of sustainability research as 
being context-based, pluralistic, goal-orientated and interac-
tive. We employed these co-production principles to gather 
the information needed to develop the change models. The 
research was situated in the context of rangeland grazing 
systems in two countries, it engaged interactively with mul-
tiple knowledge sources (e.g. academic and informal) from 
diverse stakeholders with the explicit goal of transforming 
current management practices in each country (Djenontin 
and Meadow 2018). For South Africa, the change model 
was developed through multiple engagements, initially in a 
workshop with livestock producers, conservationists, experts 
and practitioners at the Pathways to Coexistence Conference 
in Namibia in 2018. A model template (Fig. 1) was used to 
guide discussions and elicit information from 40 workshop 
participants on the topic of human-carnivore conflicts in 
extensive rangelands grazing in Africa. The participants pro-
vided information that was used to populate the four com-
ponents of the template (i.e. drivers of change, business-as-
usual, transition pathways and the transformed system) and 
presented a model of transformative change (Jacobs et al. 
2017). The models are not intended to depict mechanistic 
relationships between components because, for example, a 
single pathway is unlikely to directly connect single attrib-
utes of the current system state with those of the transformed 
system. The template is based on a modified ‘three-horizons’ 
approach used in futures work that connects the present with 
visioning divergent futures based on a set of values (Curry 
and Hodgson 2008). The timescale, determined through 
stakeholder deliberation at the workshop, starts when the 
stakeholders were first engaged in 2018 and ends with a 
future system in the year 2040 in recognition of the likely 
extended timescales required to realistically achieve trans-
formation in an SES.
Information from the workshop was supplemented, 
verified and refined for the South African context through 
semi-structured interviews with 16 livestock producers, 
two conservation non-government organizations (NGOs), 
and two government representatives (20 individuals in 
total). The interviews occurred in three provinces in South 
Africa including the Eastern and Western Cape and the 
Free State. We used a purposive sampling procedure (Bry-
ant and Charmaz 2010) to identify key stakeholders that 
possessed specialist knowledge in livestock production, 
Fig. 1  A conceptual model of transformation for extensive grazing of rangeland systems ( Adapted from Jacobs et al. 2016)
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human-carnivore interactions in rangelands grazing and the 
capacity to mitigate predation risk in livestock grazing. Ini-
tially, stakeholders were recruited via existing contacts with 
environmental NGOs in South Africa and the USA. At the 
conclusion of each interview, we asked each interviewee to 
recommend additional producers. This snowball sampling 
method increased the sample size, broadened the extent of 
viewpoints canvased (to include users of lethal and non-
lethal carnivore management practices) and ensured theo-
retical saturation or the point in data collection and analysis 
when new incoming data produces little or no new informa-
tion to address the research questions (Glasser and Strauss 
2009). In the USA in total 16 commercial producers were 
interviewed with 12 relying primarily on non-lethal tools 
and approaches (herein non-lethal producers) and four rely-
ing on lethal approaches to manage predation risk (herein 
lethal producers). Similarly, in South Africa 16 commercial 
producers were interviewed, with the sample comprising 
nine non-lethal producers and seven that used lethal man-
agement practices. The semi-structured interviews were con-
ducted in person and averaged between 60–90 min. All of 
the stakeholders that participated in a workshop or interview 
were provided with an information sheet outlining the scope 
of the research and provided informed consent to participate 
in the research. Human research ethics approval was granted 
by the University of Technology Sydney (ETH18-2568—
HREC). During analysis qualitative data were synthesised 
and anonymised.
The interviews commenced with participants introducing 
themselves and giving an overview of their livestock opera-
tion or role in government or NGO and their interactions 
with carnivores. Specifically, producers were asked about 
the impacts of predation on their business, and all stakehold-
ers were asked about their preferred approaches to mitigating 
predation (i.e., lethal or non-lethal to carnivores), their per-
ceived effectiveness of each mitigation approach, landscape 
management, and the available supports and incentives to 
adopt preventive non-lethal innovations (herein preventive 
innovations) (e.g. Pannell and Vanclay 2011; Boronyak et al. 
2020). Interviews concluded with participants’ envisioning 
the possible or preferred future in the year 2040.
The model for rangelands grazing in the western USA 
was developed from information gathered during semi-struc-
tured interviews conducted between 2018 and 2019 with rep-
resentatives from California, Idaho, Oregon, and Montana. 
The same participant recruitment and interview process was 
followed in South Africa. Interviews were conducted with 
16 livestock producers, six former and current representa-
tives from government wildlife agencies, and 3 conserva-
tion NGOs (25 individuals in total). Information from the 
interviews was supplemented with lessons from the Defend-
ers of Wildlife Coexistence conference October 2019. With 
the participants’ consent, all interviews in both countries 
were audio recorded, transcribed verbatim and analyzed 
using MAXQDA software (VERBI GmbH version 18.2.0). 
The transcripts were coded line-by-line (Saldana 2009) into 
categories that corresponded to the four components of the 
model. The information was collated, synthesized and then 
transferred to the model template.
As the USA model was collated from information gath-
ered by interviews only, it was validated using a modified 
Delphi approach. The Delphi approach seeks to ensure accu-
racy, reach a consensus, and check for omissions or misin-
terpretation but not alter content provided in the original 
engagement process (Mead and Moseley 2001) by draw-
ing on diverse knowledge and experiences of a range of 
experts (Powell 2002). The draft model was sent to 10 of 
the interviewees representing a mix of livestock production, 
conservation and governance to elicit feedback. Feedback 
was received through three rounds of comments from seven 
participants in total: five participants in rounds one and 
two, and two participants in round three. At each round, the 
model was revised, comments anonymized and returned to 
the original ten participants. The model was finalized when 
consensus was achieved among the experts.
Results
The South African model
The information gathered through engagement with stake-
holders was synthesised into a model of transformative 
change in South African extensive grazing systems (Fig. 2).
System drivers
Participants discussed a range of drivers of change that act 
on extensive rangelands grazing systems in South Africa. 
Representatives from environmental NGOs recognized 
South Africa’s rich biological diversity, however land use 
change and overgrazing due to agriculture, as well as the 
impacts from mining and urbanisation were viewed as con-
tributing to the loss and degradation of natural habitat, soils 
and biodiversity. In South Africa, 69% of the land surface 
is suited to livestock grazing yet grasslands are one of the 
country’s most threatened biomes (Goldblatt 2011) due to 
growing pressure to maximize productivity to feed a grow-
ing human population. Similarly, wildlife faces pressure 
from both consumptive use, such as hunting on private 
game farms, and non-consumptive use through eco-tourism 
activities on private game reserves, national parks and other 
protected areas. Workshop participants noted that local com-
munity values and perceptions of carnivores influence their 
treatment. For example, leopards appear to have a high per-
ceived value (i.e., high aesthetic, conservation or tourism 
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value) and were tolerated more other carnivores such as a 
black-backed jackal yet it remains unclear how any financial 
benefits from leopards are shared with local communities. 
Lastly, the impacts of climate change in the form of chang-
ing rainfall patterns and extended drought are exacerbating 
groundcover loss, particularly in grazed arid rangelands, 
affecting long-term soil health and water retention. Loss of 
forage was identified as affecting the nutrition and health 
of domesticated livestock making them more vulnerable to 
predation, which can heighten on-going human-carnivore 
conflict.
The producers who predominantly used lethal control 
appeared to have negative attitudes towards carnivores, pre-
dominantly black-backed jackals and caracal. They perceived 
these species as ‘vermin’ to be eradicated. These views were 
driving the increasing militarisation of carnivore control 
with the use of night vision glasses, devices that mimicked 
the vocalisations of carnivores (referred to as night callers), 
modification of vehicle seating to facilitate use of firearms, 
as well as community organised and funded ground and 
aerial shooting from a helicopter. This has culminated in a 
high degree of social pressure to continue to persecute carni-
vores, the cost of which is borne by individual landholders. 
In seeking to counter the trend of ecosystem degradation 
and carnivore persecution, local and international NGOs are 
pushing to protect carnivores outside protected areas and 
demonstrate that holistic models of coexistence that pre-
serve natural resources (soils, habitat and biodiversity) can 
be economically viable.
Current system
Business-as-usual in South African extensive grazing sys-
tems was characterized by the continued persecution of leop-
ard, caracal, and black-backed jackal. Producers reported 
that carnivore persecution on individual farms was under-
taken by staff or private contractors using shooting, trapping 
and hunting with dogs. Some lethal producers reported using 
Fig. 2  A model of transformative change in extensive grazing systems in South Africa. Pathways are numbered P1 to P6
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poisons (e.g., Temik and Sodium fluoroacetate) despite the 
un-licensed use of poison against wildlife being legally pro-
hibited in South Africa.
The use of preventive non-lethal innovations appeared to 
be ad hoc and limited, with the most widely reported strategy 
used by producers being permanent predator-proof or tempo-
rary electric fencing. Workshop participants that identified 
themselves as conservation researchers noted that permanent 
fencing impedes the movement of wildlife and poses a dan-
ger of entanglement. Non-lethal producers reported success 
using guardian animals (i.e., livestock guardian dogs and 
alpacas) and guardian humans to reduce theft and predation. 
Producers recognized that livestock herding and guarding by 
humans is effective at reducing predation yet had reserva-
tions about the cost of hiring and managing extra staff. Pro-
ducers instead installed electric fencing despite its high cost 
and limitations from shorting-out from vegetation or dam-
age from wildlife. Some producers had adopted preventive 
innovations (e.g., deterrents such as flashing lights or sounds 
or livestock protection collars to prevent carnivores biting 
livestock around the neck). Several producers mentioned the 
influence of ‘holistic resource management’ and its variants 
on their grazing practices. Holistic resource management 
involves high-density short-duration grazing followed by an 
extended rest period for the land with no grazing. Producers 
using holistic resource management noted various landscape 
benefits such as mechanical soil disturbance and nutrient 
cycling allowing for greater water infiltration and improved 
plant growth and diversity after rainfall compared with lower 
density set-stocking.
At the institutional level, human-carnivore conflicts were 
reportedly managed through the use of ‘destruction permits’ 
issued by parastatal or governmental agencies. Responsibili-
ties varied across provinces e.g., Cape Nature in the West-
ern Cape and the Department of Economic Development 
and Environmental Affairs in the Eastern Cape. Workshop 
participants identified a range of carnivore conservation 
strategies including population monitoring, conservation in 
protected areas (e.g., national parks and private conserv-
ancies), captive breeding and translocations. Government 
departments tasked with administering legislation to pro-
tect carnivores e.g., Biodiversity Act 2004, Threatened or 
Protected Species Regulations (TOPS), and Convention on 
International Trade in Endangered Species of Wild Fauna 
and Flora (CITES), were viewed as being limited by insuf-
ficient resources and funding resulting in varied degrees of 
enforcement across provinces.
Pathways
Information from participants was synthesised into six dis-
crete transition pathways to activate change in the system 
(P1 to P6 from top to bottom of the model). P1 is focused on 
the individual farm or property level and includes adoption 
of a range of preventive innovations to reduce predation. 
Four non-lethal producers reported using livestock guard-
ing animals such as dogs and alpacas; the Anatolian and 
the Africanis Maluti breeds of livestock guarding dogs were 
reported as the most common breeds. A further four produc-
ers preferred aversive deterrents such as flashing lights and 
sounds especially during vulnerable periods, such as lamb-
ing and calving, as well as mixing livestock types (cows with 
calves and sheep) and kraaling (corralling) at night. How-
ever, producers noted the need to frequently change stimuli 
to reduce carnivore habituation, for example moving the 
location of the lights or varying the types of sounds. Other 
practices drew on the principles of holistic resource manage-
ment to modify grazing styles. For example, livestock were 
concentrated into a dense herd, primarily to improve herbage 
growth and soil health, with the co-benefits of reduced live-
stock predation and parasite infestation. Producers attributed 
reduced predation to mimicry in denser herds of success-
ful predator avoidance strategies used by wild ungulates. 
Greater human presence may also deter carnivores due to 
sounds and scents associated with human activity. More 
intense livestock management encourages daily inspections 
of herd health and interventions to reduce livestock vulner-
ability such as removing sick or injured livestock from the 
landscape that also provides local employment opportunities 
and poverty alleviation in rural areas. One non-lethal pro-
ducer noted that the practice of kraaling livestock at night 
also decreases the area that needs to be patrolled by guard 
humans or animals and increases the efficacy of aversive 
deterrents such as flashing lights.
The second pathway (P2) creates financial incentives, 
funded by local or international conservation NGOs or gov-
ernment agencies to assist producers to adopt preventive 
innovations identified in P1. P3 centres on education, capac-
ity building and outreach to build the skills of system actors 
to utilise preventive innovations such as livestock guardian 
animals (from P1) that might require training to be effective 
in the landscape. Producers noted that on-farm demonstra-
tions and field days provided a practical way to learn about 
P1 tools and practices and exchange ideas. This pathway 
encompasses knowledge to enhance ecological literacy relat-
ing to carnivores within the grazing industry such as their 
lifecycles, hunting styles, annual patterns of activity, natu-
ral prey, and strategies to build producer tolerance towards 
carnivores. P4 provides a role for conservation specialists, 
universities and agricultural representatives to collaborate 
with landholders in decision-making, research and develop-
ment. These collaborations would test and refine non-lethal 
tools or practices that work best under the range of produc-
tion systems, livestock breeds, landscape conditions, and 
the common carnivores, their associated hunting traits, and 
sensitivity to the range of available aversive deterrents.
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P5 encourages governance from national to provincial 
levels to improve policy and appropriately enforce legisla-
tion for the protection of large carnivores outside protected 
areas. The aim of P5 is to better balance the needs of people 
and wildlife through monitoring and deterrence of illegal 
poaching. Finally, P6 seeks to harness the power of consum-
ers to make ethical choices in relation to sourcing meat and 
fibre from producers who adopt preventive innovations. Pro-
gress along this pathway could be achieved through brand-
ing or labelling that certifies ecosystem-appropriate stew-
ardship and non-lethal approaches to managing predation 
risk. For example, Fair Game established by the Landmark 
Foundation provides a premium to producers who refrain 
from lethal carnivore control and on-sells livestock products 
to consumers, retailers and restaurants (https:// www. landm 
arkfo undat ion. org. za/ fair- game). At the time of the study, 
producers considered this market ‘niche’ in South Africa 
and felt there would be more demand in European markets. 
Similarly, workshop participants in particular identified the 
need to stimulate awareness for predator friendly certified 
products and demand via targeted media campaigns. The 
intention of this pathway is to provide a financial incentive 
to improve ecological stewardship by retaining carnivores 
in the landscape through demand created by new markets.
Transformed system
Conservationists and producers described different but com-
plementary aspects of a future transformed system. Live-
stock producers envisioned an agricultural industry that is 
adaptive, supports rural communities and livelihoods, and 
contributes to local and global food security. Livestock are 
protected from harm associated with stress, injury or death 
through reduced exposure to predation risks. This is under-
pinned by an enabling environment in which support net-
works provide incentives and build capacity for producers 
to learn about and adopt contextually appropriate preventive 
non-lethal innovations and holistic regenerative agricultural 
practices. A fundamental component of such support net-
works is the provision of financial support for landholders to 
offset the costs of adopting practices such herders, guardian 
animals and regenerative agriculture. The expansion of sus-
tainability certification to include a predator-friendly mar-
keting scheme would allow participating producers to reach 
new market segments in South Africa and internationally 
and reward producers who are ecologically focused.
Conservationists envisioned a desirable future grazing 
system in which populations of carnivores are stable and 
viable. Ecosystems are “resilient” and “healthy” and provide 
“valuable ecosystem services”. Secure long-term funding 
enables the creation of governance structures for greater 
enforcement of regulations, and policies that effectively 
deter carnivore persecution as well as long-term monitoring 
of carnivore populations to aid decision making. These 
arrangements are underpinned by well-managed, resourced, 
and transparent government institutions that support conflict 
avoidance research and development, and coexistence. Fur-
thermore, local communities and actors in conservation ini-
tiatives are essential for wildlife conservation and therefore 
fundamental to the transformed system. Local communities 
can be challenged by living alongside carnivores but can 
also share in the benefits of incomes derived from sustain-
able, low impact wildlife eco-tourism. The combination 
of the pathways would likely mainstream the adoption of 
predator-friendly farming practices and increase the health 
and resilience of livestock, land and livelihoods. Overall, 
the model illustrates how coexistence can be achieved in 
rangeland landscapes in South Africa.
The United States of America model
A similar change model was developed for rangeland graz-
ing systems of the western USA (Fig. 3).
System drivers
Participating conservationists and producers (ranchers) iden-
tified the recovery of large carnivores as one of the most 
obvious changes occurring in extensive grazing systems in 
western USA. While species recovery may be counted as a 
success, other key stakeholders, particularly producers and 
some government representatives, viewed this as a driver of 
conflict. Interviewees suggested that increasing urbanization 
is driving change in the perception of wildlife in commu-
nities with greater value placed on the opportunity to see 
large carnivores in the wild. At the same time demand is 
growing for food and fiber products that are ethical, healthy, 
environmentally sustainable, and incorporates practices that 
promote good animal welfare and environmental steward-
ship. This shift also contributes to an urban–rural divide over 
carnivore management with urban communities opposing 
lethal management that is more widely supported by rural 
communities.
Current system
Business-as-usual in western grazing was viewed by par-
ticipants as undergoing change. As populations of large 
carnivores begin to recover (i.e., no longer classified as 
endangered) their management is transferred from the Fed-
eral jurisdiction, under the U.S. Fish and Wildlife Service, 
to state agencies. State policies and the species’ population 
status were perceived as factors influencing the perception 
and treatment of carnivores. For example, the Idaho Depart-
ment of Fish and Game awarded The Foundation for Wild-
life Management grants of $20,000 in 2018 and $13,220 
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in 2020 to reimburse hunters and trappers for expenses 
incurred while killing wolves. These grants effectively pro-
vide a bounty to kill wolves in Idaho (IDFG 2018, 2020). 
Environmental and wildlife protection NGOs argued that the 
liberal use of lethal control results in environmental, social 
and animal welfare harms. However, hunting groups argue 
that carnivores reduce populations of valued game species 
such as deer and elk. A combination of these factors has 
caused social conflicts between seemingly opposing groups 
such as ranchers and environmental advocates.
Interviewees from conservation NGOs spoke of chang-
ing community values in terms of growing public aware-
ness and appreciation of the value of wildlife, such as 
wildlife viewing, supporting environmental protection, and 
declining support for lethal carnivore management and tro-
phy hunting. However, two policy makers noted that sup-
port for hunting remains strong in rural communities. The 
shift towards non-lethal management has been facilitated 
by conservation groups pressuring government agencies 
to change the laws and funding allocations for wildlife 
management. For example, Wildlife Services is investing 
in preventive non-lethal innovations with $1.38 M of US 
Federal funding allocated for wildlife conflict-prevention 
specialists across ten states (https:// tinyu rl. com/ y42hz sjo). 
This initiative is supported by increasing evidence of the 
efficacy of preventive innovations over lethal control at 
the local scale. As consumers’ awareness rises in rela-
tion to lethal control of wildlife for livestock protection so 
too does support for Predator Friendly certified products. 
However, producers noted the challenges in participating 
in these kinds of labelling programs due to market power 
of meat processing and packing plants, with producers 
lacking control over how products are labeled once they 
sell into that system, and their ability to ensure supply to 
these markets.
Fig. 3  A model of transformative change in extensive grazing systems in western United States of America. Pathways are numbered P1 to P6
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Pathways
As with the South African model, information from partici-
pants was synthesized into six discrete transition pathways 
to realize a transformation in rangelands grazing. P1 centres 
on the adoption within ranching communities of preventive 
innovations (both tools and practices) to reduce the vulnera-
bility of livestock to predation and carnivores to persecution 
(Fig. 3). Interviewees identified a range of actions including:
• Guarding livestock (herders, range riders and guardian 
animals),
• Husbandry practices that reduce encounter rates between 
predators and livestock (e.g., range riding, tighter herding 
of livestock especially at night using night pens, reducing 
isolation of young calves and lambs from their mothers, 
and avoidance of heavily forested areas, riparian areas or 
sites of known carnivore activity),
• Optimising herd health (e.g., sound vaccination, handling 
and nutrition protocols),
• Removing attractants such as livestock carcasses and 
bone yards,
• Planned grazing strategies (e.g., more intensive yet short 
term grazing, use of permanent and temporary enclosures 
or installation of additional watering points).
P2 focusses on research to test the effectiveness of pre-
ventive non-lethal innovations in a range of production 
contexts and variety of carnivorous species. This research 
provides insights into carnivore behavior, the underlying fac-
tors driving conflicts, the location of conflict hotspots and 
refinement of the protocols for the use of existing preventive 
innovations (e.g., deployment of fladry or use of livestock 
guardian animals) considered to be the most effective prac-
tices by non-lethal ranchers and environmental NGOs.
P3 recognizes that clear and effective communication is 
essential to achieving long-term successful carnivore con-
servation in multi-use landscapes. The concept of Preda-
tor Smart Farming (PSF) emerged from the stakeholder 
interviews as the producers’ preferred term. PSF was not 
only more palatable for ranchers than the terms ‘wildlife-’ 
or ‘predator-friendly’ but also had greater alignment with 
ranching communities’ values. The word ‘smart’ appealed 
to producers who were keen to use innovative tools and 
practices to ‘outsmart’ carnivores. PSF was described 
as a holistic and conscientious approach to agriculture to 
increase the resilience of landscapes, animals (domesti-
cated and wild) and rural livelihoods, encompassing three 
key aspects. Firstly, it focuses on reducing the vulnerability 
of livestock to risks, including disease, environment (e.g., 
poisonous plants), climate (e.g., drought) and predation. 
Secondly, it has a social–ecological stewardship mindset, 
identified as common among practitioners of ‘regenerative 
agriculture’ (Gibbons 2020), that fosters ethical and respon-
sible interactions within production landscapes to maintain 
the underlying ecosystem and landscape processes. Thirdly, 
PSF fosters financially resilient livelihoods that reduce the 
costs and capitalise on the benefits of large carnivores in the 
landscape (e.g. reduced grazing pressure and/or spread of 
disease e.g. brucellosis from wild herbivores). The expanded 
framing of grazing practice, shifts the emphasis from carni-
vore control to land and livestock management, would create 
the space to initiate and hold more productive conversations 
about large carnivore conservation.
The adoption of PSF is reinforced by P4 that recognises 
that peer to peer education (i.e., producer to producer), 
knowledge exchange and training within ranching communi-
ties is an effective way to overcome the socio-cultural resist-
ance towards new tools and practices. P4 builds capacity 
(skills, knowledge and confidence) and ownership of PSF at 
the grassroots level supported by an enabling environment 
that fosters effective working partnerships between ranch-
ers, government and NGOs. Examples include the Tom 
Miner Basin Association (http:// tommi nerba sinas socia tion. 
org/) and the Blackfoot Challenge (https:// black footc halle 
nge. org/). Capacity building efforts would be assisted by P5 
that works to, firstly, develop policy that encourages the use 
of preventive innovations as a first response to managing 
conflict. Secondly, P5 acts to expand the array of tools that 
can be utilized to reduce predation risk and reduce reliance 
on lethal control. For example, in eastern Oregon a rancher 
must show they are suffering ongoing loss from predation 
after implementing two preventive innovations such as fladry 
(suspended strips of fabric or coloured flags that move in a 
breeze) or aversive deterrents before a lethal control order 
can be issued (Oregon Department of Fish and Wildlife 
2014). Thirdly, P5 includes financial incentives for adop-
tion of preventive innovations, such as NGO programs that 
make a co-contribution to non-lethal deterrents in regions 
where large carnivores are still federally listed species, in 
addition to government grants to overcome the initial finan-
cial barrier to adoption. Such support to producers was per-
ceived by conservation NGOs as a way to create an enabling 
environment, initiate conversations and start building trust 
with farming communities that may hold negative attitudes 
to carnivores, conservation organisations and government.
The final pathway, P6, focuses on increasing the number 
of local United States Department of Agriculture (USDA) 
approved slaughter and meat processing plants to support 
producers who want to run their own labelling schemes. P6 
encourages growth in the market for PSF products, allows 
producers to reach new consumers and rewards produc-
ers who have a more holistic mindset. However, NGOs 
and some producers agreed that P6 requires increased 
demand for certified products. Creating markets for PSF 
products requires increased consumer education about 
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the ecological, animal welfare and socio-economic ben-
efits of PSF products. Environmental NGO participants in 
the USA indicated that expanded PSF labelling schemes 
could counter-balance the high market power of feedlots 
and huge slaughtering houses in the Midwestern USA 
and would enable environmentally conscious labelling 
schemes to move from niche to more mainstream. More 
importantly product labelling is needed to recognize the 
efforts (learning, costs etc.) of transitioning from ‘con-
ventional’ to alternative livestock production systems for 
long-term sustainability.
Transformed system
The vision of a desirable future includes rural communities 
that are thriving, engaged and ecologically sustainable sup-
ported by a diversified rural economy. Livestock are safe, 
healthy and less vulnerable to all threats encountered in 
extensive grazing, supported by an enabling environment 
that fosters effective working partnerships between ranchers, 
government and NGOs. Partnerships are based on respect-
ful open discussions and collaboration that identifies shared 
interests and goals such as healthy ecosystems, agricultural 
viability and food security. This vision serves common inter-
ests, not special interests or entrenched positions. Ranch-
ers, NGOs and agencies collaborate to build the capacity to 
research, trial and implement preventive innovations that are 
suited to local landscapes, economies and livestock opera-
tions. This collaboration is facilitated by government sup-
port, policies and regulations that fund research, promote 
dissemination of knowledge about large carnivores, effec-
tively deter illegal killing and encourage human-carnivore 
coexistence.
Carnivore management forms part of the larger regenera-
tive agriculture movement, which prioritises and incentiv-
ises approaches that actively manage rangelands for healthy 
soils, open space and greater biodiversity and ecosystem ser-
vices. Our models incorporate transformed systems where 
once endangered large carnivores inhabit their historical 
range and contribute to ecosystem health and function-
ing supported by a sufficient natural prey base. Tolerance 
towards large carnivores is enhanced by the mainstreamed 
adoption of preventive innovations. NGOs and government 
help to over-come financial and capacity barriers such as 
the material costs, knowledge gaps, and necessary labour 
to implement PSF practices. Markets for a diverse range 
of predator-friendly agricultural products are growing and 
help sustain rural communities and incentivise a holistic 
eco-centric approach to land management.
Discussion
Through engagement with a range of key stakeholders, 
we developed two qualitative models of change that show 
transition from business-as-usual via various pathways 
to transform interactions between humans and large car-
nivores from conflict to coexistence in rangeland sys-
tems (Figs. 2 and 3). The engagement drew upon vari-
ous sources of knowledge, highlights a range of views 
on human-carnivore coexistence and identifies multiple, 
mutually supporting pathways towards a transformed 
future. The current system, described in terms of system 
drivers and business-as-usual, in each country has evolved 
under local historical, political, socio-cultural, economic 
and biophysical contexts. Despite these variations in 
local context, there are many similarities in these range-
land grazing systems. In both South Africa and the USA, 
there is a reliance on lethal methods such as shooting and 
trapping to resolve human-carnivore conflicts (McManus 
et al. 2015; Treves et al. 2016). In both countries, car-
nivore persecution was justified by the desire to protect 
agricultural productivity and livelihoods. However, the 
differences between the countries primarily relates to the 
institutional context and level of support for producers for 
lethal carnivore control. For example, it appears that in 
the last four decades producers in the United States were 
provided with significantly more institutional support for 
lethal control than in South Africa. This institutional sup-
port heavily subsidised the cost of predator control for US 
producers. In contrast, agricultural policy in South Africa 
during the 1980s saw a withdrawal from subsidised lethal 
carnivore control including bounty payments, support for 
hunting with dogs and the provision of poisons (Nattrass 
et al. 2020). These subsidies were replaced with preda-
tor hunting services by private consultants or undertaken 
by producers themselves. A recent South African study 
(Brink et al. 2021) found that the use of poisons for lethal 
carnivore control is widespread. An estimated 31% of the 
farmers surveyed over 5-year period used poisons against 
carnivores because it was considered one of the least 
labour-intensive lethal control options (Brink et al. 2021). 
Although developed independently, as each change model 
deals with human-carnivore interactions in extensive graz-
ing systems, it is unsurprising that there are similarities in 
pathways from each country.
At the heart of each model are the potential pathways 
that represent incremental changes (e.g., use of predator 
deterrents on an individual farm) that culminate in longer-
term transformative change (i.e., coexistence). The initial 
actions from business-as-usual onto the transition path-
ways can be considered as critical low-risk steps that avoid 
the disruption to the system that might occur if ecological 
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thresholds were de-stabilized (Price and Hacker 2009). 
The key areas of overlap in the pathways include the vari-
ous leverage or intervention points to encourage adoption 
of preventive innovations via incentives, capacity building 
and governance structures that balance human and carni-
vore needs. This aligns with the work of Chan et al. (2020) 
who identified levers and leverage points that are key to 
achieving transformations towards greater global sustain-
ability. These levers include pre-emptive action (P1&4 in 
South African model and P1&2 in USA model), incentives 
and capacity building (P2,3&4 in South African model 
and P4&5 in USA model), coordination across different 
sectors and jurisdictions (P3&4 in South African model 
and P2,3&4 in USA model), adaptive decision-making 
and environmental law and its enforcement (P5 in South 
African model) (Chan et al. 2020). While progress along 
all pathways is important to achieve transformation, they 
operate at varying scales (from national to regional and 
local), and mutually reinforce each other to create ‘sticky’ 
change that over time becomes more acceptable and dura-
ble ensuring a lower likelihood of being reversed by a 
change in policy (Levin et al. 2012) or dis-adopted (Chin-
seu et al. 2019).
Governance is critical to any intentional effort to shape 
transformations towards sustainability (Patterson et  al. 
2015). Governance arrangements that encourage effective 
partnerships between producers, government and NGOs are 
vital to facilitate respectful open discussions that use neutral 
language and identify shared interests and values (Madden 
and McQuinn 2014; Chan et al. 2020). Therefore, new insti-
tutional arrangements that promote ecosystem governance 
in ways that are adaptable, flexible, and incorporate multiple 
stakeholder values are required to facilitate transitions away 
from business-as-usual (Walker and Salt 2006; Head and 
Alford 2015). For example, in USA, the Oregon Wolf Plan 
“emphasizes the importance and mandates the implementa-
tion of non-lethal efforts to reduce wolf-livestock conflict 
before lethal removal is considered in all phases of wolf 
management” (Oregon Department of Fish and Wildlife 
2014, p. 10). These kinds of policies challenge the current 
regime (business-as-usual) and have the power to leverage 
transformation because they shift the system from its dom-
inant mode of operation i.e., reliance on lethal carnivore 
control toward a future system that incorporates multiple 
values (production and wildlife conservation and welfare) 
and human-carnivore coexistence. This is an important 
consideration when planning for coexistence as it requires 
decision making that accounts for the interests of a variety 
of stakeholders (Marchini et al. 2019).
Another factor that is adding pressure to the current 
regime particularly in the USA relates to the shift in con-
sciousness about the ethics of killing large numbers of wild-
life to protect special interests (i.e. livestock production). 
Research from the USA indicates that as the public has 
become increasingly urban and modernised, values have 
shifted away from domination over nature towards mutu-
alism with nature (Manfredo et al. 2009), with the public 
increasingly attributing intrinsic value to wildlife. Fur-
thermore, developments in both conservation and animal 
welfare sciences have demonstrated the importance of large 
carnivores in maintenance of the health and function of 
ecosystems (Ripple et al. 2014) and the negative welfare 
implications of the methods commonly used in lethal control 
(Littin and Mellor 2005). Within urban communities there 
has been a decline in public support for lethal methods and a 
shift in favor of finding solutions that can protect agriculture 
and carnivores simultaneously (Graham et al. 2005; Slagle 
et al. 2013; Manfredo et al. 2018). This has created a greater 
impetus for conservation NGOs as agitators of change to 
pressure livestock industries to transition away from tradi-
tional lethal approaches towards the adoption preventive 
innovations that support wildlife persistence (Young et al. 
2019).
When producers feel their livelihoods and way of life 
are under threat, this can contribute to polarisation between 
groups who hold different values and social norms. There-
fore during ‘high stakes’ conversations such as discussions 
about carnivore management, the use of neutral language 
is essential to building openness, trust and collaboration to 
explore shared goals. It is important to focus on mutual ben-
efits and use language that de-escalates polarized schisms 
among stakeholders involved in rangeland management. 
A key finding from the USA model is the concept of PSF 
because it shifts the focus from carnivores towards three 
aspects: (1) livestock management and husbandry to reduce 
predation risk and carnivore persecution, (2) social–ecologi-
cal stewardship to build the resilience and productive capac-
ity of landscapes, and (3) security of rural livelihoods, all of 
which are of paramount importance to farming communities. 
The social–ecological stewardship mindset of PSF focusses 
on restoring resilient production landscapes that are capable 
of producing a full suite of ecosystem services including 
soil carbon sequestration, water retention and biodiversity 
(Gosnell et al. 2019; Schurch et al. 2021). Whereas, investi-
gating ways to secure livelihoods focusses on reducing the 
costs and capitalising on the benefits of large carnivores in 
the landscape such as reduced grazing pressure from wild 
herbivores or diversifying incomes through eco-tourism and 
farm stays (Prowse et al. 2015). This expanded framing of 
grazing we believe would assist in initiating conversations 
about large carnivore conservation and builds positive work-
ing relationships between wildlife managers, government 
agencies, environmental and animal protection NGOs, live-
stock producers and local communities.
In both models pathways focus on the adoption of con-
textually appropriate preventive innovations by producers. 
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These include deterrents, temporary or permanent enclo-
sures, guardian animals and husbandry protocols, because 
they are central to reducing livestock vulnerability and 
predation risk (Baker et al. 2008; van Eeden et al. 2018a, 
b). The benefits of deterrents and enclosures have been dis-
cussed extensively (Shivik et al. 2003; Stone et al. 2017; 
Young et al. 2019). Yet husbandry in general remains an 
under-utilized practice for the management of predation. 
Three non-lethal producers from the USA suggested that 
many preventive innovations are forms of active livestock 
management and the focus should switch from controlling 
carnivores to the core concern of maintaining livestock 
health and resilience. Active management includes human 
presence to observe for signs of disease, nutritional defi-
ciencies or restlessness, and extra vigilance during high risk 
periods (i.e. lambing and calving) or when carnivores are 
most active (White 2012; Stone et al. 2017). Woodroffe and 
Frank (2005) reported similar findings about the value of 
livestock husbandry practices to reduce predation risk in 
rangelands in northern Kenya, Africa. In addition, Ogada 
et al. (2003) identified that predation rates were reduced 
when livestock were herded by day and enclosed in tra-
ditional corrals (bomas) at night, guarded by humans and 
dogs. In our study, participants from wildlife agencies and 
NGOs saw a key role here in assisting producers in adoption 
of active management through increasing their understand-
ing of patterns in carnivore behaviour, that is, how and when 
carnivores move through certain parts of the landscapes, sea-
sons when they are most active and how hunting behaviour 
influences livestock vulnerability (Baker et al. 2008). This 
knowledge informs risk reduction strategies, such as planned 
grazing to avoid areas that result in an ambush attack by a 
carnivore and/or concentrating livestock into a dense herd as 
a predator avoidance strategy (Bøving and Post 1997; Gra-
ham et al. 2005; Fryxell et al. 2007). Producers, particularly 
in South Africa, believed higher density herds offer various 
benefits by utilising a smaller part of the property for graz-
ing, thus allowing longer rest periods to encourage plant 
growth and soil health (McManus et al. 2018). This grazing 
style requires increased human presence from a herder or 
‘range rider’ to move livestock while also providing real-
time monitoring of livestock and investigating more closely 
the causes of the livestock losses (as these are often attrib-
uted incorrectly to predator activity) (Brown 2011; Stone 
et al. 2017). However, producers should not be expected to 
develop alone the necessary depth of ‘ecological literacy’ 
required for successful active management. Wildlife agen-
cies and NGOs must collaborate closely to engage produc-
ers in dialogue that could foster a greater understanding of 
stakeholders interests and goals.
In each model the pathways focus on institutional support 
to facilitate adoption of preventive innovations (P2, P3 in the 
South African model and P2, P4 and P5 in the USA model). 
Support is often needed to overcome the barriers to adoption 
of preventive innovations and include financial and policy 
incentives and capacity building, which are vital for change 
creation (Chan et al. 2020). For example, in both countries 
financial support or cost sharing of investment with produc-
ers by NGOs, government agencies or industry bodies is evi-
dent, i.e. the Landmark Foundation in South Africa and the 
Wood River Wolf Project in Idaho, USA. NGOs purchased 
deterrents including livestock protection collars and aver-
sive technology (lights and horns) that were loaned to pro-
ducers, along with training on their deployment (McManus 
et al. 2015; Stone et al. 2017). These initiatives encouraged 
greater adoption by sceptical producers over the longer-term. 
Similarly, Rust and Marker (2013) reported that subsidising 
the cost of livestock guarding dogs, kraal building materials 
and herder wages would be more effective than compensa-
tion in promoting practice adoption in Namibia. However, 
financial incentives alone may be insufficient to stimulate 
adoption of preventive innovations and wildlife tolerance 
(Naughton-Treves et al. 2003; Dickman et al. 2011).
While NGOs and government agencies have a role to play 
in providing institutional support, a more powerful tool to 
facilitate adoption is social learning via peer-to-peer support 
and training from within agricultural communities (Rodela 
2011). Each model contains pathways focused on activities 
that build producer capacity (knowledge, skills and compe-
tencies) to choose and adopt preventive innovations suited 
to their particular context. Farmers in general are viewed as 
innovators, continuously adapting technology and practices 
to changing environmental conditions and socio-economic 
circumstances (Pannell et al. 2006). However, individuals 
vary in their degree of pro- and re-activeness in the adop-
tion of new tools and practices, which can affect the wider 
achievement of sustainability goals. Pannell and Vanclay 
(2011) identified many conservation practices as preventive 
innovations and discussed two key factors that increase the 
likelihood of adoption i.e., high relative advantage (i.e. the 
new practice is superior to the current practice); and, trial-
ability (the practice or innovation can be tested and learned 
about prior to adoption) (Pannell et al. 2006; Pannell and 
Vanclay 2011). Trialability is affected by technical attributes 
of the practice such as cost of on-farm experimentation, the 
scale of adoption required, the observability of the results 
and the complexity of the innovation (Pannell et al. 2006; 
Pannell and Vanclay 2011). Social networks provide valua-
ble sources of knowledge and experiences that farmers draw 
upon for reference (Leys and Vanclay 2011). This is because 
individuals are generally more receptive to information from 
people they consider to be within their own reference group 
(i.e. people of similar livelihood, gender, economic status, 
geography, beliefs or values) (Stern 2018). van Eeden (2020) 
found that a social identity, such as farmer or animal rights 
advocate, is a strong predictor of attitudes toward wildlife 
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management. Peer-to-peer training also fosters strong social 
connections and encourages collective action through the 
creation of social norms (Amel et al. 2017). Knapp and Fer-
nandez-Gimenez (2009) found that informal social networks 
and formal peer learning networks are used by ranchers in 
Colorado to acquire new knowledge. Demonstration of suc-
cessful adoption of preventive innovations by producers gen-
erally encourages adoption by other local producers as they 
have seen how it works in their local context, thereby, lower-
ing their risks (time, cost, failure) of adoption and increasing 
the perceived credibility of the practice facilitating adoption 
clusters (Pannell et al. 2006; Pannell and Vanclay 2011).
There is a clear need for ongoing research into the 
effectiveness of the range of preventive innovations  in 
various contexts to fill current knowledge gaps (Stone et al. 
2017). Pathways that address the need for such research 
appear in both the USA and South African models and are 
supported by findings suggesting that the willingness of 
producers to adopt such innovations often relies on proof 
of their efficacy (Young et al. 2019). However, many inno-
vations may not suit all grazing systems, may be impracti-
cal to deploy in some situations or may not offer universal 
protection from all carnivores (Baker et al. 2008). Engag-
ing farmers in research to identify and fill these research 
gaps is therefore important. Furthermore, there is an array 
of complex variables affecting predation rates including ter-
rain, vegetation, alternative prey availability and season, as 
well as biology and behavior of the carnivore species of 
concern, such as territoriality and cognition, which influ-
ence the success of preventive innovations in specific situa-
tions (Baker et al. 2008). For example, a number of studies 
have proven the general effectiveness of livestock guardian 
dogs (LGDs) (van Bommel and Johnson 2012; van Eeden 
et al. 2018a, b; Spencer et al. 2020). However, in the USA 
when wolves have young pups in a den between April to 
June they may attack and kill LGDs to defend their pups, so 
alternative preventive innovations should be used during this 
period (Stone et al. 2017). Involving producers in research 
and decision-making may imbue a sense of ownership over 
the solutions as well as embed stewardship values. In Wilson 
et al. (2005) ranchers were engaged to provide geographi-
cal information on human activities in the landscape that 
may attract bears such as calving areas and beehives. This 
information was then used to build a geo-spatial picture of 
potential conflict hotspots and inform predation reduction 
strategies. Furthermore, Colloff et al. (2017) found that 
knowledge co-production between researchers, practition-
ers, and citizens “supports collective action and reflection 
directed towards improving the management of human and 
environmental interrelations” (Colloff et al. 2017, p. 1013). 
This is echoed by Ives et al. (2020) who assert that “effec-
tive action for sustainability is increasingly understood to 
require not only systems knowledge (technical knowledge of 
how systems function) but also normative knowledge (how 
systems ought to be), and transformative knowledge (how to 
change systems to more desirable states)” (Ives et al. 2020, 
p. 212). As this paper has shown engaging various stake-
holders is critical as there is more than one way of defining 
the challenge of human-carnivore coexistence, and a need to 
include various sources of knowledge to identify  pathways 
towards a transformed future.
Increasingly consumers have a role in supporting pro-
ducers that adopt predator friendly practices. P6 in both 
models focusses on predator friendly certification and 
labelling to foster coexistence between humans and carni-
vores in livestock grazing enterprises. NGOs such as the 
Wildlife Friendly Enterprise Network with the Predator 
Friendly label (http:// www. preda torfr iendly. org) and the 
Landmark Foundation in South Africa which operates 
under the label Fair Game support producers that refrain 
from lethal carnivore control, diversify markets and sat-
isfy a growing demand. During each interview producers 
were asked about their willingness to participate in such 
a program. Overall non-lethal producers in both countries 
did not consider the economic benefits alone to be a suf-
ficient reason to adopt predator friendly tools and practices. 
Yet when considered holistically alongside the benefits for 
livestock and landscape health, producers agreed that this 
type of labelling scheme could provide recognition of impor-
tant ecological stewardship efforts. This finding aligns with 
research about Predator-Friendly Beef Certification which 
found that ranchers in Washington, USA that were in favor 
of predator-friendly beef labeling were compelled by the 
consumer education and outreach opportunities rather than 
a new source of income (Bogezi et al. 2019). In our study 
lethal producers were not in favor of such a labelling scheme 
as they felt that predation costs might outweigh the premium 
received and did not want to be seen by neighbors and peers 
as being ‘friendly’ towards predators, a finding also reported 
in Bogezi et al. (2019). However, all producers rely on con-
sumer demand for their products and favored exploration of 
ways to diversify their markets.
The vision of a preferred future synthesised in each of 
the models was remarkably similar and focused on three key 
areas: carnivore conservation to maintain ecosystem resil-
ience, sustainable rural communities and the empowerment 
of stakeholders in the governance of natural resources. In 
both models, conservation goals included the recovery of the 
populations of carnivores and safeguarding carnivores from 
human persecution. Stakeholders articulated that mitigat-
ing human wildlife conflict and fostering coexistence would 
require new management practices such as PSF to become 
mainstream in extensive grazing systems. Policies that sup-
port preventive innovations and research combined with 
effective enforcement of regulation coupled with policies to 
deter carnivore persecution and illegal killing were central to 
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achievement of a transformed system. Producers envisioned 
an agricultural system that supports and sustains rural com-
munities and livelihoods and healthy productive landscapes 
in which livestock are safe and less vulnerable to all threats.
Conclusions
In the context of global sustainability, the notion of trans-
formation is increasingly used to characterise aspirations to 
transition from current unsustainable and inequitable mecha-
nisms toward a more sustainable, inclusive, and equitable 
future (Patterson et al. 2017; O’Brien 2018). We present 
two transformative change models that examine human-car-
nivore coexistence in extensive rangeland grazing systems 
in South Africa and the United States. The models were 
developed through extensive engagement with 85 stake-
holders (livestock producers, landholders, government and 
representatives of conservation NGOs) using an integrative 
sustainability framework (Sellberg et al. 2017). Pathways to 
coexistence that encompass a range of stakeholder perspec-
tives are a major contribution towards human dimensions of 
conservation. Without bold action to transform our current 
systems, we risk losing one million species within decades 
(Ripple et al. 2017; Ferrier et al. 2019). Consequently this 
paper articulates the essential pathways to intervene in the 
current social-ecological system to facilitate outcomes that 
are more equitable and just for multiple species. An impor-
tant finding is a new concept of Predator Smart Farming, a 
holistic and conscientious approach to agriculture to increase 
the resilience of landscapes, animals (domesticated and 
wild) and rural livelihoods. The two models developed here 
show the pathways towards incremental, equitable and just 
transition from the current system towards a future system 
that realizes multiple desirable outcomes including diverse 
and thriving rural livelihoods, biodiversity conservation and 
maintenance of ecosystem services, and more peaceful, just, 
and compassionate relationships with animals.
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